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Abstract: One of the main properties of ion exchangers is their exchange capacity. Static
exchange capacity of the new phosphorus acid cationic exchange resins obtained by phospholysis
of polymer based on cube waste of the Shurtan gas chemical complex and a secondary product of
hydrolysis industry - furfural was determined by alkalometric titration using 0.1 N solution of
NaOH and NaCl, capacity by phosphorus content in ionite and capacity by curves of
potentiometric titration. The values of exchange capacity found by the above methods are almost
indistinguishable from each other. The cationite belongs to moderately acidic ions, the found
values of pK (apparent dissociation constants) indicate that the cationite has two functional
groups that allow it to work in neutral, weakly alcaline and alkaline environments. The paper also
found the dynamic capacity of cationite for 0.1 N CaCl2 solution. The studies showed that the
tested phosphoric acid cationite has good static and dynamic capacitance.
Keywords: ionite, furfural, polycondensation, ionogenic group, phosphorus cationite, cube
residue, ion exchange.
INTRODUCTION. Ion-exchange polymers are widely used in various fields of science and
technology. In this regard, the requirements imposed by industry on the ion exchange resins with
respect to thermal and chemical resistance; mechanical strength and selectivity are increasing.
Many of these requirements are no longer satisfied by such universal ion-exchange polymers as
KU-2, KU-1, SHS, etc., despite the fact that they have high indicators of kinetic and sorption
properties [1]. Phosphorus-containing ion-exchangers occupy a special place among the known
ion-exchangers from the physicochemical point of view [2]. These ion-exchangers have a number
of valuable properties: high selectivity, thermal stability, mechanical strength, etc. [3]. The above
properties determine the prospects of application of these ion-exchangers in various fields of
national economy and industry. Ionites with phosphorus-containing groups represent a class of
selective sorbents capable of displaying both selective and complex-forming properties.
Phosphoric acid cations are characterized by the presence of three functional groups, two acidic
hydroxyls and phosphoryl oxygen. In weakly acidic and alkaline media in the absence of
complexing metals, they are characterized by the usual dissociation with cation exchange. The rate
of exchange reactions for monovalent and divalent ions on phosphate cations is less than on
sulfocation cations, the rate changes from strongly dissociating to weakly dissociating.
METHODS. Based on the above, we obtained phosphorylation of polymer obtained by
polycondensation of cube wastes of Shurtan gas chemical complex with secondary raw materials
of hydrolysis industry - furfuryol phosphoric acid cationite [4].

One of the main properties of ion-exchange polymers is the exchange capacity, which
characterizes their performance properties.
The statistical exchange capacity (EC) of the sodium ion cationite obtained was determined
from 0.1N solutions of NaOH and NaCl. Since the exchange capacity of phosphorus cationic
exchange depends on the pH of the medium and the initial ionic form of the ion exchange resin,
we investigated the sorption capacity of the cationic exchange resin by Са2+ ions in Н+ and Na+ form. Exchange capacity of anion exchanger for 0.1 N NaON solution was determined as follows:
The cationite was used in H-form.
1 gr of cationite was poured into 100 ml of 0.1 N NaOH solution, the duration of phase
contact was three days. After three days, 10 ml was taken from this solution and titrated with 0.1
N HCl solution.
V1 * N1 = V2* N2
V1 – NaOH aliquot solution - 10 ml
V2 – HCl solution used to titrate 10 ml of NaOH
N1 – NaOH normality
N2 – HCl normality
Сinit – initial concentration of NaOH solution, mg-eq,
Сsol = 10 mg-eq/100 ml NaOH solution
Сeq – NaOH concentration after contact with the anionite, mg-eq,
10 mg 0.1 = 3.8 * 0.1
Сeq = 3.8 mg-eq/100 mg NaOH solution
m – amount of mg-eq NaOH sorbed by the anionite (cation exchange capacity) by 0.1 N
NaOH solution
m – 10 mg-eq/g - 3.8 mg-eq/g = 6.2 mg-eq/g.
m = 6.2 mg-eq/g is the amount of mg-eq/g NaOH absorbed by 1 gram of cationic acid.
The theoretical exchange capacity (TEC) of the anionite was calculated according to
Gelferich [3]:
TEC =

1000
а

, mg - eq/gr

Where, a - the molecular mass of the elementary link of the cationic exchange resin.
The exchange capacity of the anion exchanger by the percentage of phosphorus in the
cationic structure was determined by the formula:
Еtheor=

Р𝑝𝑟𝑎𝑐 ·𝑈𝑡ℎ𝑒𝑜𝑟 𝐼2·26
Р𝑡ℎ𝑒𝑜𝑟

2

mg-eq/gr

Etheor - is the calculated theoretical exchange capacityg - eq/g.
Ptheor - theoretical content of P (phosphorus) in %.
Rprac - practical content of P (phosphorus) in ionite, %
RESULTS. Table 1 shows the values of exchange capacity of cationic exchange resins
found by different methods.
Table 1.

The value of the exchange capacity of the obtained phosphorus cationic acid

R

P

Calculations on the
phosphorus content of the
polymer

0.1 N NaOH solution, H-form

0.1N NaCl solution.
H-form

0,1N CaCl2
Na-form

0.1 N MgSO4,
Ca-form

рК1

рК2

OH
O
OH

According to
titration curve

Cationic ion
group

P content, weight,
%

Exchange capacity mg-eq/gr

16

7.5-8.2

7.8-8.0

7.5-7.8

7.8-8.0

3.2-3.5

2.8-3.2

3.5-3.8

7.5-7.8

where R - is a macromolecule of the cationic polymer framework.
The data in Table 1 shows that the value of the exchange capacity found on the titration
curve calculated from the percentage of phosphorus in the polymer structure is almost the same as
the static exchange capacity for 0.1N NaOH solution.
The influence of the pH of the medium on the value of the exchange capacity was studied
by the method of potentiometric titration proposed by Grissbach, which allows a fairly complete
characterization of the ionite Fig. 1[4].

Figure 1. Potentiometric titration curve of phosphorus cationite
The curve obtained allows to characterize the ion-exchanger on the one hand by its capacity
and on the other hand by its acidity and thus allows to estimate the working interval of the ionexchanger. The curve of potentiometric titration shows that the cation exchange resin is
polyfunctional, the complete ionic dissociation of active groups occurs at pH=8÷10.
The curve capacity of the ion-exchange resin was calculated from the intersection point of
the titration curve and the line parallel to the abscissa line passing through pH=7 or, even better,
from the inflection point of the curve. For this purpose a line parallel to the abscissa axis was
drawn through the inflection point of the curve, the distance was divided in half. The vertical line

drawn through this point crosses the pH curve at the point where pH=pK. The titration curve of
cationic exchange resins has two kinks, indicating the presence of two functional groups with
different degrees of dissociation in the structure of the ion-exchange resin. The value of exchange
capacity, according to elemental analysis, calculated from the phosphorus content in the polymer
and the titration curve is higher than the value of static exchange capacity determined by the
standard method (Table 1). The increase in the exchange capacity during potentiometric titration
is caused by the influence of the addition of the neutral salt NaCl during titration. From the results
of potentiometric study to characterize the cationite by its degree of acidity, we calculated the
values of pKdis (apparent dissociation constant) of the active groups according to the Henderson
Hasselbach equation [5]
1−𝛼

рН = рК – nlg

𝛼

where α - degree of dissociation of cationic active groups.
The degree of dissociation of the active groups in the ion can be calculated as follows:
𝛼=

𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑜𝑓𝑡ℎ𝑒𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑜𝑚𝑒𝑡𝑟𝑖𝑐𝑡𝑖𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑐𝑢𝑟𝑣𝑒𝑠
𝑓𝑢𝑙𝑙𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

Total exchange capacity calculated from the content of phosphorus in the ion-exchange
resin (P in %). Apparent dissociation constants (pK) of ionogenic groups found from the titration
curves by the above method correspond to рК1 = 3.5 - 3.8, рК2 = 7.5 - 7.8 (Table 1) [3].
The results show that the tested cationite is able to exchange ions in weakly alkaline, neutral
and alkaline media.
Considering that ion-exchange processes in industry are carried out under dynamic
conditions, we determined the dynamic exchange capacity of the cationic exchange resins
obtained. For this purpose, 0.1 N СаСl2 solution was passed through 100 ml of swollen cationite
in H-form, with a grain diameter of 0.5 mm. The cationite was placed in a column with a diameter
of 5 cm. In the samples passed through the cationic-exchange capacity before the СаСl2
concentration equalization before contact with the cationite and after contact with the cationicexchange resin was constantly determined according to the formula:
ODCC = a *(n - c) * 10 mg-eq/l
where, ODCC – operating dynamic capacity of the cationic-exchanger.
a - initial concentration of СаСl2, mg-eq/l.
n - the amount of СаСl2 passed through the cationic-exchanger layer before slipping, ml.
c - amount of water displaced from the СаСl2 solution filtrate (the amount of water
contained in the cationic-exchanger layer is calculated on the basis of specific volume of swollen
cationic-exchanger, the volume of water under the filtering bottom is added to the obtained value).
TDCC = [a * (n – c) – Ʃam]10
where, TDCC - is the total dynamic capacity of cationic exchange resins, mg-eq/l.
n - number of ml of СаСl2 passed through the cationic-exchanger layer before its saturation,
liter.

am - amount of ml СаСl2 in each portion of the filtrate after slurry, mg-eq.
The results of the research are shown in Table 2.
Table 2.
Data on one cycle of dynamic cationic capacity
№

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

V ml of filtrate
with 0.1 N СаСl2
solution
k=1.0 gr
500
500
500
500
500
500
250
250
250
450
250
250
250
250
250
250
250

Quantity ml of
0.1N Trilon B
solution
used to titrate the
filtrate
8,0
9,05
9,05
9,05
9,05
9,05
9,0
8,5
6,75
4,8
2,8
2,0
1,6
1,4
1,25
1,15
1,15

ODCC = 324
TDCC = 420

Regeneration of cationic exchange resins
with 5% HCl solution
Vml of filtrate
250
100
100
100

Neutralization
6,8
13,7
14,0
14,0

It took 500 ml of 5% HCl solution to
regenerate

Washing with
saturated NaCl
solution of cationic
exchange resins to
neutral reaction
250
250
250
250
250

It took 2,000 ml of
discharged water to
flush the cationicexchanger

𝑚𝑔−𝑛𝑣
𝑙
𝑚𝑔−𝑛𝑣
𝑙

The results of determining the dynamic capacity, indicate that the synthesized cationite has
sufficiently good sorption properties in the dynamics. We carried out 17 cycles specified in table
2. At the same time dynamic capacity and granulometric composition of cationite did not change.
This indicates that cationite is characterized by sufficiently high mechanical strength.
The presence of ionogenic groups in the structure of the obtained cationic exchange resins
was also studied by infrared spectroscopy. Thus, in the spectrum of phosphorus-acid cationite there
are absorption bands in the region of 750 cm-1 corresponding to the carbon-phosphorus bond (РС), i.e. to Р(ОН)2 group, absorption bands of oxidized cationite in the region of 1300-1250 cm-1
correspond to P=O bond.
The absorption bands at 2560 cm-1 correspond to

R

P

OH
O
OH

(Figure 2)

Fig.2. IK spectrum of the obtained phosphorus cationite (H-form)
Thus, based on the results of chemical analysis using physico-chemical methods of
analysis: potentiometric titration, IK - spectroscopic analysis, the proposed structure of the
polymer and phosphorus cationic exchange resins based on it was established.
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Structure of the resulting polymer and the phosphate-based cationic exchange resin
Therefore, on the basis of the study it follows that the cationite we obtained has good
exchange capacity both in static and dynamic conditions.
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